To investigate the possible isosteric replacement of imidazolidinone moiety in 4-phenyl-1-arylsulfonylimidazolidinones (2) for broad and potent anti-cancer agents, a series of 5-phenyl-1H-pyrazol-3-yl 1-(acyl)indoline-5-sulfonates (4) and 1-(1-(acyl)indolin-5-ylsulfonyl)-5-phenylpyrazolidin-3-ones (5) were prepared and evaluated for their cytotoxicity against six human cancer cell lines. Although the pyrazoles 4 or pyrazolidinones 5 showed relatively good activity, still they showed lesser activity in comparison to imidazolidinones 2. These activity decreases could be interpreted with the effect of change of the hydrogen bonding characteristics and the substitution pattern on structural variations of five membered rings from imidazolidinones 2 to pyrazoles 4 and pyrazolidinones 5, respectively. Therefore, it can be concluded that 4-phenyl-1-arylsulfonylimidazolidinone is a basic pharmacophore of imidazolidinones 2.
Introduction
Although greater understanding and high quality of research resulted in higher cure rates for a number of malignancies, still the cancer remains one of the leading cause of death in the world. 2, 3 It is speculated that in next fifteen years there will be about twenty six million new cancer cases and seventeen million cancer deaths per year.
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Therefore we have investigated various derivatives of the 4-phenyl-l(N)-arylsulfonylimidazolidinones 1 and 2 ( Fig. 1) as potent anti-cancer agents. [4] [5] [6] [7] The SAR studies [8] [9] [10] [11] [12] [13] of these arylsulfonylimidazolidinones revealed 4-phenyl-l-benzenesulfonylimidazolidinone as the basic scaffold responsible for the potent anti-cancer activity. Though these arylsulfonylimidazolidinones showed potent activity, to produce the best anti-cancer agent we continually investigated various aspects of this scaffold which includes the replacement of phenyl ring at 4-position of imidazolidinone and the number of substituent at sulfonyl moiety. [14] [15] [16] In addition to imidazolidinone ring, the role of 1H-imidazol-2(3H)-one (3) moiety ( Fig. 1 ) in the basic pharmacophoric moiety has been studied. 17 Interestingly, both scaffolds showed almost similar contribution to the activity against various cell lines. The mechanism of action of these arylsulfonylimidazolidinones has been established as tubulin polymerization inhibitors.
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These compounds retained the activity against multi drug resistant tumor cell lines, which implies that they are not a substrate for p-glycoprotein mediated transport like taxanes and vinca alkaloids derivatives. 18 In continuation of our effort to get the potent anti-cancer agent new scaffold 4 (1H-pyrazol-3-ol) and 5 (pyrazolidinone) were designed by replacing imidazolidinone moiety in arylsulfonylimidazo- lidinones 2 and studied them for their cytotoxicity. Thus, here in the current article, we have synthesized a number of 1H-pyrazol-3-ol analogs 4 and pyrazolidinones 5 ( Fig. 1) for the evaluation of their cytotoxicity against six human cancer cell lines namely, prostate (PC-3), lung (NCI-H23), breast (MDA-MB-231), colon (HCT-15), stomach (NUGC-3) and renal (ACHN).
Chemistry. A series of analogs of pyrazolones 4 and pyrazolidin-3-ones 5 were prepared as illustrated in Scheme 1 and 2. The 5-phenyl-1H-pyrazol-3(2H)-one (7) was prepared by refluxing ethyl 3-oxo-3-phenylpropanoate (6) with hydrazine hydrate in ethanol for 8 h.
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Compound 7 was then treated with 1-(2,2,2-trifluoroacetyl)indolin-5-ylsulfonyl chloride in presence of potassium carbonate in DMF to give a mixture of 5-phenyl-1H-pyrazol-3-yl 1-(2,2,2-trifluoroacetyl)indoline-5-sulfonate (8) and 5-phenyl-1H-pyrazol-3-yl indoline-5-sulfonate (9) . These sulfonates formation is attributed to the existence of stable lactim tautomer of 5-substituted-1H-pyrazoles, 19 which have the aromaticity. However, compound 9 was formed as major product as compared to compound 8, which can be converted to 9 by hydrolysis. Finally compound 9 was treated with various acyl chlorides and chloroformate in presence of pyridine to get compounds 4 (Scheme 1).
In next set of experiment for the preparation of pyrazolidinones 5, intermediate phenylpyrazolidin-3-ones (11) were prepared by refluxing the ethyl cinnamate (10) with hydrazine monohydrate in ethanol followed by heating with 2 Nhydrochloric acid. Scheme 2. However, variation of base and solvent to pyridine and methylene chloride for the same reaction of 11 produced sulfonamide 13. Hydrolysis of 13 to indoline 14 was accomplished by treatment with lithium hydroxide in presence of water and tetrahydrofuran. Later compound 14 was treated with various acyl chlorides in presence of pyridine to produce the final compound 5 (Scheme 2). All these synthesized compounds were characterized by physical and spectral analysis data that confirmed their assigned structures.
Biological Evaluation. The cytotoxicity of these new synthesized 4 and 5 was assessed against ACHN (renal), HCT-15 (colon), MDA-MB-231 (breast), NCI-H23 (lung), NUGC-3 (stomach) and PC-3 (prostate) cancer cell lines by the sulforhodamine B (SRB) colorimetric assay. 21 GI 50 values are listed in parenthesis below along with this sequence of these cell lines written here. The concentrations required for 50% growth inhibition (GI 50 ) were listed in Table 2 .
Result and Discussion
In our previous studies we observed that the indoline .38 µM respectively) analogs showed moderate cytotoxicity against all the cancer cell lines. Among all these pyrazole analogs, compound 4f showed the most potent cytotoxicity against all cancer cell lines tested. Variation of acyl group at position 1 of indoline ring does not affect the activity of 4 so much. However, analogs 4c, 4d, 4f and 4g with smaller size of acyl moiety or heterocyclic moiety showed better activity than hydrophobic acyl analogs such as 4b, 4e and 4h. Although pyrazole moiety of 4 can be considered as an isostere of imidazolidinone moiety of arylsulfonylimidazolidinones 1 in terms of hydrogen bonding acceptor, pyrazole analogs 4 showed weaker activity compared to arylsulfonylimidazolidinones. The pyrazoles 4 have the same substitution pattern around pyrazole ring with phenyl group and sulfonyl functional groups as imidazolidinones 2 as shown in Figure 2 . However the sulfonylurea function in imidazolidinones 2 was changed to diazenylmethyl sulfonate structural unit. Thus the binding pattern of 2 to the target was obviously altered. As a result, the activity of 4 was decreased compared to those of 2. This result implies the importance of sulfonylurea motif of imidazolidinones 2.
In another set of experiment, the 1-[1-(acyl)indolin-5-ylsulfonyl]-5-phenylpyrazolidin-3-ones 5 were prepared with variation of acyl moiety at position 1 of indoline group. 4-Chlorobenzoyl (5a, IC 50 values; 9.44; 7.32; 8.44; 7.12; 9.76 and 8.98 µM respectively), 2-chloroacetyl (5b, IC 50 values; 2.56; 3.44; 2.67; 1.07; 2.01 and 3.45 µM respectively) and 2-(phenylamino)acetyl (5c, IC50 values; 6.78; 7.45; 8.78; 6.67; 5.52 and 6.45 µM respectively) analogs also showed moderate activity. 2-Chloroacetyl derivative (5b) showed better activity than analogs with more bulky substituents such as 4-chlorobenzoyl (5a) and 2-(phenylamino)acetyl (5c). The pyrazolidinones 5 analogs also showed the reduced activity compared to imidazolidinones 2. Although pyrazolidinone scaffold has the similar hydrogen bonding charateristics to imidazolidinone, the substitution pattern around pyrazolidinone was dramatically changed as shown in Figure 2 . This may resulted in the decrease in the activity. Thus this result confirms the importance of the substitution pattern in 4-phenyl-1-arylsulfonylimidazolidiones 2.
Conclusion
To investigate the possibility of isosteric replacement of imidazolidinone of 1-arylsulfonylimidazolidinone 2 with pyrazole and pyrazolidinone, a series of pyrazoles 4a-h and pyrazolidinones 5a-c were synthesized and their cytotoxicity against ACHN (renal), HCT-15 (colon), MDA-MB-231 (breast), NCI-H23 (lung), NUGC-3 (stomach) and PC-3 (prostate) cell lines were evaluated. Among all the derivatives compounds 4f and 4g showed the best activity against all cancer cell lines. Though all the pyrazoles 4 or pyrazolidinones 5 showed relatively good activity, still they showed lesser activity in comparison to imidazolidinones (2) . These activity decreases could be interpreted with the effect of change of the hydrogen bonding characteristics and the substitution pattern on structural variations of five membered rings from imidazolidinones 2 to pyrazoles 4 and pyrazolidinones 5, respectively. Therefore, on the basis of our previous [14] [15] [16] [17] [18] and current studies, it can be concluded that 4-phenyl-1-arylsulfonylimidazolidinone is a basic pharmacophore of imidazolidinones 2. In addition, the SAR studies of 4 and 5 indicated that the smaller size of acyl moiety or heterocyclic moiety at position 1 of indoline in pyrazoles 4 or pyrazolidinones 5 is more important for the activity than the large hydrophobic acyl analogs.
Experimental Section
Chemistry. Melting points (mp) were determined on an Electrothermal 1A 9100 MK2 apparatus and are uncorrected. All commercial chemicals were used as obtained and all solvents were purified prior to use applying standard procedures.
34 Thin layer chromatography was performed on E Merck silica gel GF-254 pre-coated plates and identification was performed under UV illumination and colorization with 10% phosphomolybdic acid spray followed by heating. Flash column chromatography was performed on E Merck silica gel (230-400 mesh). Infrared spectra were recorded on a Nicolet 380 model FTIR. NMR spectra were measured against the peak of tetramethylsilane using a Varian Unity Inova 400 NMR (400 MHz) spectrometer.
Synthesis of 5-Phenyl-1H-pyrazol-3(2H)-one (7) . To the solution of ethyl benzoylacetate (6, 5 g, 26 mM) in 100 mL of ethanol, added hydrazine monohydrate (5 mL, 60 mM) and the reaction mixture was refluxed for 8 h. The reaction mixture was then cooled and filtered to get the white solid. The obtained solid was further recrystallized from ethanol twice to yield the desired compound 7.
Yield 60%; white solid; R f 0.23 (hexane:ethyl acetate, 4:1); Synthesis of 5-Phenyl-1H-pyrazol-3-yl 1-(2,2,2-trifluoroacetyl)indoline-5-sulfonate (8) and 5-phenyl-1H-pyrazol-3-yl indoline-5-sulfonate (9) . Added anhydrous potassium carbonate (1.6 g, 12.5 mM) to a cold solution of 5-phenyl-1H-pyrazol-3(2H)-one (7,1 g, 6.25 mM) and (1-(2,2,2-trifluoroacetyl)indolin-5-ylsulfonyl chloride (2.0 g, 6.39 mM) in DMF and stirred the reaction mixture for 2 h at room temperature. After completion of the reaction was confirmed by TLC, the reaction mixture was mixed with ice cold water and extracted with ethyl acetate. Organic layer was dehydrated with anhydrous sodium sulfate and evaporated under reduced pressure. The crude solid was subjected to column chromatography to separate 8 and 9.
5-Phenyl-1H-pyrazol-3-yl 1-(2,2,2-trifluoroacetyl)indoline-5-sulfonate (8 General Procedure for Acylation of 5-phenyl-1H-pyrazol-3-yl indoline-5-sulfonate (4a-g). To the solution of 5-phenyl-1H-pyrazol-3-yl indoline-5-sulfonate (9, 1 equivalent), pyridine (1.25 equivalent) in methylene chloride (10 mL), appropriate acyl chloride (1.1 equivalent) was further added and the reaction mixture was stirred for 30 min at room temperature. After completion of reaction was confirmed on TLC, the reaction mixture was diluted with ethyl acetate and extracted with water. The organic layer was dried over sodium sulfate and evaporated under reduced pressure to afford a crude solid, which was further purified using column chromatography to yield the desired compound 4a-g.
Synthesis of 5-Phenyl-1H-pyrazol-3-yl 1-acetylindoline-5-sulfonate (4a). Yield 55%; White solid; R f 0. 16 Synthesis of 5-Phenyl-1H-pyrazol-3-yl 1-(2-(phenylamino)acetyl)indoline-5-sulfonate (4h). To a solution of 5-phenyl-1H-pyrazol-3-yl 1-(2-chloroacetyl)indoline-5-sulfonate (4f, 0.1 g , 0.23 mM) in methylene chloride (10 mL), aniline (0.05 mL, 0.5 mM) was added and the reaction mixture was stirred for 1 h at room temperature. The solvent was removed under reduced pressure and the crude mixture was subjected to column chromatography to get pure 4h.
Yield 65%, white solid; R f 0. Synthesis of 5-Phenyl-1,2-bis[(1-(2,2,2-trifluoroacetyl)-indolin-5-ylsulfonyl)]pyrazolidin-3-one (12) . To a cold solution of 5-phenylpyrazolidin-3-one (11, 0.5 g, 3.08 mM) in 5 mL of DMF, triethylamine (0.7 mL, 4.9 mM) and (1-(2,2,2-trifluoroacetyl)indolin-5-ylsulfonyl chloride (1.2 g, 3.85 mM) were added and the reaction mixture was stirred for 4 h at room temperature. After completion of the reaction was confirmed by TLC, the reaction mixture was extracted with ethyl acetate and water. The organic layer was washed with brine and dried over anhydrous sodium sulfate and evaporated under reduced pressure to yield a crude solid, which was subjected to column chromatography to yield the desired compound 12.
Yield 75%; Synthesis of 5-Phenyl-1-(1-(2,2,2-trifluoroacetyl)indolin-5-ylsulfonyl)pyrazolidin-3-one (13) . To a cold solution of 5-phenylpyrazolidin-3-one (11, 2 g, 12.3 mM) in 40 mL of methylene chloride added pyridine (2 mL, 25.3 mM) and (1-(2,2,2-trifluoroacetyl)indolin-5-ylsulfonyl chloride (4 g, 12.7 mM). The reaction mixture was stirred for 4 h at room temperature. After completion of the reaction was confirmed by TLC, the reaction mixture was extracted with ethyl acetate and water. The organic layer was washed with brine and dried over anhydrous sodium sulfate and evaporated under reduced pressure to yield a crude solid. The solid was subjected to column chromatography to yield the desired compound 13.
Yield 73%; white solid; R f 0. General Procedure for Synthesis of Compound 5a-c. To the solution of 1-(indolin-5-ylsulfonyl)-5-phenylpyrazolidin-3-one (14, 1 equivalent) in methylene chloride (10 mL), pyridine (1.25 equivalent) and acyl chloride (1.1 equivalent) were added and the reaction mixture was stirred for 30 min at room temperature. After completion of reaction was confirmed by TLC, the reaction mixture was diluted with ethyl acetate and washed with water. The organic layer was dried over anhydrous sodium sulfate and evaporated under reduced pressure to afford a crude solid, which was further purified using column chromatography to yield the desired compound (5a-c).
Synthesis of 1-(1-(4-chlorobenzoyl)indolin-5-ylsulfonyl)-5-phenylpyrazolidin-3-one (5a). Yield 48%; white solid; R f 0. Synthesis of 5-Phenyl-1-(1-(2-(phenylamino)acetyl)-indolin-5-ylsulfonyl)pyrazolidin-3-one (5c). To a solution of 1-(1-(2-chloroacetyl)indolin-5-ylsulfonyl)-5-phenylpyrazolidin-3-one (5b, 0.1 g, 0.23 mM) in methylene chloride, aniline (0.05 mL, 0.5 mM) was added and the reaction mixture was stirred at room temperature for 1 h. After evaporation of the reaction mixture, the resulted mixture was further purified using column chromatography to obtain the compound 5c.
Yield 55%; White solid; R f 0. 
